A new class of chaotic systems is generated in a practical, nonlinear, mutually coupled phase-locked loop (PLL) circuit. Theoretical results make it possible to understand experimental results of such PLL's on the onset of chaos using the geometry of the invariant manifolds, while the resultant simple geometry and complex dynamics is expected to have applications in other areas, e.g., power systems or interacting bar magnets. The 1D map projected from a numerically obtained attractor indicates the existence of a piece-wise linear structure having a sensitive dependence on the bifurcation parameter fo2.
Much research has been directed at investigating the dynamical behavior occurring when a homoclinic orbit unfolds. Shil'nikov's theorem straightforwardly shows the existence of the Smale horseshoe near a homoclinic orbit under a specific eigenvalue condition of the linearized matrix located at the saddle-focus fixed point [1] . On the other hand, for a homoclinic orbit arising from a saddle fixed point located in a three-dimensional (3D) vector field, studies aimed at elucidating this phenomena have only been carried out primarily from a mathematical standpoint in which the following generic conditions are considered to hold: (1) The homoclinic orbit 1 (t) is tangent to the eigendirections e' and e' associated with the principal eigenvalues A' and A' as t~~; (2) A' 4~A'~; and (3) the stable manifold W'(0) at 0 transversely intersects with the two-dimensional (2D) extended unstable manifold W" (0) along the homoclinic orbit, where W'"(0) is tangent at 0 to the linear space spanned by e' and e'.
Under conditions (1) -(3), nonexistence of homoclinic doubling bifurcation is proven [2] . However, if one of the above conditions is broken, complex dynamical behaviors are known to occur [3 -6] , namely, the homoclinic orbit is called orbit fiip or inclination fiip when conditions (1) [4] or inclination-fiip homoclinic point [5] . Kokubu and Oka [4] (4) z=P+y, where A) = (n /P~-n~/P )P /2, A2 = (P /Pp-P-I/3 ) /2, B. =-7 -/P-=~, -B =-P /2/3-. , -- The set of parameters in Eq. (7) (9) giving (A~, A23) = ( - 1 Fig. 2(b 
From Eqs. (6) and (10) Fig. 4(a) (Kyoto-Osaka-Nara, Japan) in 1994.
